Increasing international interest in wind energy research has resulted in the development of many different software codes for the various phases of wind energy system design. The strategy discussed herein provides an approach to obtain initial comparative performance estimates for candidate systems. The systems selected can then be further investigated by using a variety of user-selected software options to perform detailed design analyses of these complex systems. This research study presents a dimensionless field framework for the initial investigation of single-rotor or multirotor wind turbine configurations, before more detailed simulations. The approach presented involves a two-step process that first creates files containing dimensionless coefficients associated with the wind turbine characteristics and then uses them to investigate a variety of wind turbine configurations. Data sets for the specific problem are developed utilizing a recently developed tool for solving the nonlinear equations developed from the blade element momentum formulation. Comparisons of the modeling approach predictions with the performance of several real-world wind turbines are used to illustrate the methodologies' flexibility. Additional examples are presented that illustrate the distribution of forces across single or multiple rotor planes. Consequently, models of multiple turbines on a single tower or a wind farm row consisting of identical or different wind turbine configurations can be efficiently investigated.
INTRODUCTION
There has been a notable increase in research focused on both conventional and innovative wind energy concepts and system design concepts (Ransom and Moore, 2009; Jamieson, 2011; Vestas, 2016) . This has included onshore and offshore systems, building integrated wind turbines, and micro wind turbine arrays (Dutton et al., 2005; Kelly, 1978) . Thus, the international research community has often independently pursued the development of software design tools. The wind turbine performance model presented is focused and does not address blade flexure dynamics, its influence on the performance of the wind turbine, or the dynamics of the support structure design. The underlying approach taken in this study is similar to many existing wind turbine models as the implementation utilizes the blade element momentum (BEM) method to calculate forces and power production from the rotor (Glauert, 1943; Manwell et al., 2009; Moriarty and Hansen, 2005) . However, there are important differences in the implementation that enables the efficient solution for single rotor and multirotor configurations. Initially, the rotor plane is divided into smaller individual areas, each of which is analyzed independently to see how the distribution of forces varies across the rotor plane. Further, this is done in a way that avoids the performing of BEM iterations at each step and efficiently completes the analysis of one or more rotors operating for a time sequence of wind speeds. Force and production "fields" are generated at each time step for equally spaced points across the rotor plane(s), and then these are applied to the blades as a function of azimuth angle. Both horizontal and vertical considerations have been modeled in this implementation. Figure 1 presents across a rotor plane operating in a wind environment that includes both vertical and horizontal wind shear. Another unique feature of this implementation is the ability to efficiently compare the performance of multiple turbines that need not be identical during a single analysis run. The turbines can either be subjected to the exact same wind conditions across each rotor plane or can be modeled as side-by-side turbines operating in a given wind field. Outputs contain performance values from each of the turbines selected, which is useful for comparing performance of different designs and/or different responses in different parts of a wind field.
The solution methodology was implemented by using a twostep process that first creates large nondimensional data sets, and then applies interpolated values from these data sets to the analysis of single and multiple turbines. The data sets generated in the first step are used during the analysis phase to model turbines varying in different diameters, power capacities, and speed and operating ranges. No BEM calculations are performed during the analysis phase, which accounts for the model's efficiency. Further, an entire field of data points across the rotor plane(s) is analyzed at each specified velocity, and, unlike other BEM models, large approximations are avoided when calculating effects of nonuniform flow. The simulation model was designed with the 
